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antibodies 

(57) Combinations of HCV antigens that have a 
broader range of immunological reactivity than any sin- 
gle HCV antigen. The combinations consist of an antigen 
from C domain of the HCV polyprotein, and one addi- 
tional HCV antigen from the S domain, optionally with an 
additional antigen from either the NS3 domain, the NS4 
domain, or the NS5 domain, and are in the form of a 
fusion protein, a simple physical mixture, or the individual 
antigens commonly bound to a solid matrix. 
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Description 
Technical Raid 

The present invention is in the field of immunoassays for HCV (previously called Non-A. Non-B hepatitis virus) More 
particularly, rt concerns combinations of HCV antigens that permit broad range immunoassays for anti-HCV antibodies. 

Background 

The disease known previously as Non-A. Non-B hepatitis (NANBH) was considered to be a transmissUe disease 
or family of diseases that were believed to be viral-induced, and that were distinguishable from other forms of viral- 
associated Irver diseases, including that caused by the known hepatitis viruses, i.e., hepatitis A virus (HAV) hepatitis B 
virus (HBV), and delta hepatitis virus (HDV), as well as the hepatitis induced by cytomegalovirus (CMV) or Epstein-Barr 
virus (EBV). NANBH was first identified in transfused individuals. Transmission from man to chimpanzee and serial 
passage in chimpanzees provided evidence that NANBH was due to a transmissfale infectious agent or agents Epide- 
mrotogic evidence suggested that there may be three types of NANBH: a watertorne epidemic type; a Wood-borne or 
parenterally transmitted type; and a sporadically occurring (community acquired) type. However, until recently, no trans- 
m.ssible agent responsible for NANBH had been identified, and clinical diagnosis and identification of NANBH had been 
a ^^* h f d P r,man| y *V exclusion of other viral markers. Among the methods used todetect putative NANBH antigens 
and antibodies were agar-gel diffusion, courterimmunoelectrophoresis. immunofluorescence microscopy, immune elec- 
tron microscopy, raofomrnunoassay. and enzyme-linked immunosorbent assay. However, none of these assays proved 
to be sufficiently sensitive, specific, and reproducfole to be used as a diagnostic test for NANBH. 

In 1 987, scientists at Chiron Corporation (the owner of the present application) identified the first nucleic acid def in- 
itJveryl.nkedtobtor J d-borneNANBH.See.e.g.,EPOPub. No. 318.216; Houghton etal.. Science 244:359 (1989) These 
publications describe the cloning of an isolate from a new viral class, hepatitis C virus (HCV). the prototype isolate 
described therein being named "HCV1." HCV is a Ravi-like virus, with an RNA genome. 

U.S. Patent Application Serial No. 456.637 (Houghton et al ). incorporated herein by reference, describes the prep- 
aration of various recombinant HCV polypeptides by expressing HCV cDNA and the screening of those polypeptides 
for immunological reactivity with sera from HCV patients. That limited screening showed that at least five of the polypep- 
tides tested were very immunogenic; specifically, those identified as 5-1 -1 , C100, C33c, CA279a andCA290a Of these 
five polypeptides, 5-1 -1 is located in the putative NS4 domain; C100 spans the putative NS3 and NS4 domains C33c 
is located within the putative NS3 domain and CA279a and CA290a are located within the putative C domain The 
screening also showed that no single polypeptide tested was immunologically reactive with all sera Thus improved 
tests, which react with all or more samples from HCV positive individuals, are desirable. 

Disclosure of the Inventi on 

Applicants have carried out additional serological studies on HCV antigens that confirm that no single HCV polypep- 
tide identified to date is immunologically reactive with all sera. This lack of a single polypeptide that is universally reactive 
with all sera from individuals with HCV may be due, inter, alia, to strain-to-strain variation in HCV epitopes variability in 
the humoral response from intfvidual-to-individual and/or variation in serology with the state of the disease 

These additional studies have also enabled applicants to identify combinations of HCV antigens that provide more 
efficient detection of HCV antibodies than any single HCV polypeptide. 

Accordingly, one aspect of this invention is a combination of HCV antigens comprising: 

(a) a fist HCV antigen from the C domain; and 

(b) at least one additional HCV antigen selected from the group consisting of 

(i) an HCV antigen from the NS3 domain; 
so (ii) an HCV antigen from the NS4 domain; 

(in) an HCV antigen from the S domain; and 
(iv) an HCV antigen from the NS5 domain. 
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In one embodiment, the combination of HCV antigens is in the form of a fusion protein comprised of the antigens 
In an alternative embodiment, the combination of antigens is in the form of the individual antigens bound to a common 
solid matrix. In still another entxxliment. the combination of antigens is in the form of a mixture of the individual antigens 

Another aspect of the invention is a method for detecting antibodies to HCV in a mammalian body component 
suspected of containing said antibodies comprising contacting said body component with the above-described combi- 
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nation of HCV antigens under conditions that permit antibody-antigen reaction and detecting the presence of immune 
complexes of said antibodies and said antigens. 

Another aspect of the invention is a method for detecting antibodies to HCV in a mammalian body component 
suspected of containing said antibodies comprising contacting said body component with a panel of HCV antigens 
s simultaneously or sequentially, comprising 

(a) a first HCV antigen from the C domain; and 

(b) at least one additional HCV antigen selected from the group consisting of 

10 (j) an HCV antigen from the NS3 domain; 

00 an HCV antigen from the NS4 domain; 
(iiQ an HCV antigen from the S domain; and 
(iv) an HCV antigen from the NS5 domain 

is under conditions that permit antibody-antigen reaction and detecting the presence of immune complexes of said 

antibodies and said antigens. 

Another aspect of the invention is a kit for carrying out an assay for detecting antibodies to HCV in a mammalian 
body component suspected of containing said antibodies comprising in packaged combination 

20 (a) said combination of HCV antigens; 

(b) standard control reagents; and 

(c) instructions for carrying out the assay. 
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Brief Description of the Drawing s 
In the drawings: 

Figure 1 is the nucleotide sequence of the cDIMA sense and anti-sense strand for the HCV polyprotein and the amino 
acid sequence encoded by the sense strand. 

Figure 2 is a schematic of the amino acid sequence of Figure 1 showing the putative domains of the HCV polypeptide. 
Modes for Carrying Out the Invention 
Definitions 



"HCV antigen" intends a polypeptide of at least about 5 amino acids, more usually at least about 8 to 10 amino 
acids that defines an epitope found in an isolate of HCV. Preferably, the epitope is unique to HCV. When an antigen is 
designated by an alphanumeric code, the epitope is from the HCV domain specified by the alphanumeric. 

-Synthetic" as used to characterize an HCV antigen intends that the HCV antigen has either been isolated from 
40 native sources or man-made such as by chemical or recombinant synthesis. 

"Domains" intends those segments of the HCV polyprotein shown in Figure 2 which generaJly correspond to the 
putative structural and nonstructural proteins of HCV. Domain designations generally follow the convention used to name 
FlavrviraJ proteins. The locations of the domains shown in Figure 2 are only approximate. The designations "NS" denotes 
"nonstructural" domains, while "S" denotes the envelope domain, and "C" denotes the nucleocapsid or core domain 
45 "Fusion polypeptide" intends a polypeptide in which the HCV antigens) are part of a single continuous chain of 
amino acids, which chain does not occur in nature. The HCV antigens may be connected directly to each other by peptide 
bonds or be separated by intervening amino acid sequences. The fusion polypeptides may also contain amino acid 
sequences exogenous to HCV. 

"Common solid matrix" intends a solid body to which the individual HCV antigens or the fusion polypeptide corrprised 
of HCV antigens are bound ccvalentiy or by noncovalent means such as hydrophobic adsorption. 

"Mammalian body component" intends a fluid or tissue of a mammalian individual (e.g., a human) that commonly 
contains antfoodies produced by the individual. Such components are known in the art and include, without limitation, 
Wood, plasma, serum, spiral fluid, lymph fluid, secretions of the respiratory, intestinal or genitourinary tracts tears 
saliva, milk, white Wood cells, and myelomas. 

"Immunologically reactive" means that the antigen in question will react specifically with anti-HCV antibody com- 
monly present in a significant proportion of sera from individuals infected with HCV. 

"Immune complex" intendsthe contiriatton or aggregate formed when an antibcdybi^ 



3 



EP0 693 687A1 

Combinations of HCV Antig ens 

Figure 2 shows the putative domains of the HCV polyprotein. The domains from which the antigens used in the 
^.nations derive are: C, S (or E). NS3, NS4, and NS5. The C domain is believed to define the nucleocapsid protein 
of HCV. it extends from the N-terminal of the polyprotein to approximately amino acid 120 of Figure 1 . The S domain is 
believed to define the virion envelope protein, and possibly the matrix (M) protein, and is believed to extend from approx- 
imately armno acid 120 to amino acid 400 of Figure 1. The NS3 domain extends from approximately amino acid 1050 
to amino acid 1640 and is believed to constitute the viral protease. The NS4 domain extends from the terminus of NS3 
to approximately amino acid 2000. The function of the NS4 protein is not known at this time. Finally, the NS5 domain 
extends from about amino acid 2000 to the end of the polyprotein and is believed to define the viral polymerase 

The sequence shown in Figure 1 is the sequence of the HCV1 isolate. It is expected that the sequences of other 
strai ns of the Wood-borne HCV may differ from the sequence of Figure 1 , particularly in the envelope (S) and nucleocapsid 
(C) domains. The use of HCV antigens having such differing sequences is intended to be within the scope of the present 
invention, provided, however, that the variation does not significantly degrade the immunological reactivity of the antigen 
to sera from persons infected with HCV 

In general, the HCV antigens will comprise entire or truncated domains, the domain fragments being readily screened 
for antigenicity by those skilled in the art. The individual HCV antigens used in the combination will preferably comprise 
the immunodominant portion (i.e., the portion primarily responsible for the immunological reactivity of the polypeptide) 
of the stated domain. In the case of the C domain it is preferred that the C domain antigen comprise a majority of the 
entire sequence of the domain. The antigen designated C22 (see Example 4, infra), is particularly preferred The S 
domain antigen preferably includes the hydrophobic subdomain at the N-terminal end of the domain. This hydrophobic 
subdomain extends from approximately amino acid 199 to amino acid 328 of Figure 1 . The HCV antigen designated S2 
(see Example 3, infra), is particularly preferred. Sequence downstream of the hydrophobic subdomain may be included 
in the S domain antigen if desired. 

A preferred NS3 domain antigen is the antigen designated C33c. That antigen includes amino acids 1 192 to 1457 
of Figure 1. A preferred NS4 antigen is C100 which comprises amino acids 1569 to 1931 of Figure 1. A preferred NS5 
antigen comprises amino acids 2054 to 2464 of Figure 1 . 

The HCV antigen may be in the form of a polypeptide composed entirely of HCV amino acid sequence or it may 
contain sequence exogenous to HCV (i.e., it may be in the form of a fusion protein that includes exogenous sequence) 
In the case of recombinantly produced HCV antigen, producing the antigen as a fusion protein such as with SOD alpha- 
factor or ubiquitin (see commonly owned U.S. Pat. No. 4,751,180, U.S. Pat. No. 4,870,008 and U.S Pat Application 
Serial. No. 390,599, filed 7 August 1989, the disclosures of which are incorporated herein, which describe expression 
of SOD, alpha-factor and ubiquitin fusion proteins) may increase the level of expression and/or increase the water sol- 
ubility of the antigen. Fusion proteins such as the alpha-factor and ubiquitin fusion are processed by the expression host 
to remove the heterologous sequence. Alpha-factor is a secretion system, however, while ubiquitin fusions remain in 
the cytoplasm. 

Further, the combination of antigens may be produced as a fusion protein. For instance, a continuous fragment of 
DNA encoding C22 and C33c may be constructed, cloned into an expression vector and used to express a fusion protein 
of C22 and C33c. In a similar manner fusion proteins of C22 and C100; C22 and S2; C22 and an NS5 antigen- C22 
C33c, and S2; C22, C100 and S2, and C22, C33c, C100, and S2 may be made. Alternative fragments from the exem- 
plified domain may also be used. 

Preparation of HCV Antigens 

The HCV antigens of the invention are preferably produced recombinantly or by known solid phase chemical syn- 
thesis. They may, however, also be isolated from dissociated HCV or HCV particles using affinity chrornatography tech- 
niques employing antibodies to the antigens. 

When produced by recombinant techniques, standard procedures for constructing DNA encoding the antigen clon- 
ing that DNA into expression vectors, transforming host cells such as bacteria, yeast, insect, or mammalian cells and 
expressing such DNA to produce the antigen may be employed. As indicated previously, it may be desirable to express 
the antigen as a fusion protein to enhance expression, facilitate purification, or enhance solubility. Examples of specific 
procedures for producing representative HCV antigens are described in the Examples, infra, and in parent application 
Serial No. 456,637. 

55 Formulation of Antioens fo r Use in InfirnunoaR^y 

The HCV antigens may be combined by producing them in the form of a fusion protein composed of two or more 
of the antigens, by irnmobilizing them individually on a common solid matrix, or by physically mixing them. Fusion proteins 
of the antigen may also be immobilized on (bound to) a solid matrix Methods and means for covalently or noncovalentiy 
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binding protein to solid matrices are known in the art. The nature of the solid surface wfll vary deoendina uoon the 
assay format Tor assays carried out in microtrter wells, the solid surface will be the wall of th^well^ FoTSsa^ 

porous or fibrous matenal such as fabric or paper) the surface will be the surface of the material from which the dbstick 

•S - ? 6 matnX *" ta distributed "omogeneousty on the surface or J^XS!S^SS^ 
as bands so that a pattern of antigen binding may be discerned. ^ 

Simple mixtures of the antigens comprise the antigens in any suitable solvent or dispersing medium. 
io Assay Formats Usiiw r-nmhinqft>rffi Of Antigens 

a r^U 16 H< ^f 1ti9 ^iT^ 1)6 empl °l' ed in virtually any assay format that employs a known antigen to detect antibodies 
HCV anfibodes under condrtons that permit the antigen to bind to any such antibody present k^oanoXT&Z 

of the antigen wrth the speomen is followed by detection of immune complexes comprised of the antigen 

Design of the immunoassays is subject to a great deal of variation, and many formats are know mine art Protocols 

t^eSm^^ 

tide the labels may be, for example, enzymatic, fluorescent, chemiluminescerrt, radioactive or dye molecules Assa^ 
whi^lrfythe signals from the immune complex are ateo known; examples of which art ^3£5fc£S 
and avdin, and enzyme-labeled and mediated immunoassays, such as EUSA assays 

Theirnmunoassay may be, without limitation, in a heterogenous or in a homogeneous format and of a standard or 

22: d t 8 T r 96 ^ ^ ^ P0 ' yp€pfide * **»* bo ^ a solid matTo, 5£ESEZ 
separation of the sample from the polypeptide after incubation. Examples of solid supports that canlS^ereS? 

SLni ALEXIS 1°^ ^ P ° lyviny,idine ,luoride 0™"" as Immuton™). diazotized pape, n*Z£E 

0.25 inch pofysterene beads (Precision Plastic Ball) can be used in the heterogeneous format The solid supported 
tamng the antigenic potypeptides is typically washed after separating it from Z test sample andpSto^S^of 
bound antibody. Both standard and competitive formats are known in the art and pnor to detection of 

In a homogeneous format, the test sample is incubated with the combination of antigens in solution For example 

J££%XZ2^ ^ -^-es which are fcjJS £oZS 

competilive formats for these assays are known in the art 

In a standard format the amount of HCV antibodies forming the antibody-antigen complex is directly monitored 
aneptope on arrti-HCV antibodies will bind due to complex formation. In a competitive format the amount HCV 

antibS^ d J^rT^" 8 (0f> in the * ""P*** assays, the amount of competing 

a^ies^the comptox may be detected using a conjugate of antixenogeneic lg conplexSwilh a label, (fg an 

'" a " ^^ edprtatk)n w «M'u«nation assay format the reaction between the HCV antigens and the antibody 

aZ^SE? preaprtat ^ from *° - suspension and forms a visible layer or7m of ^S^TZ 

anti-HCV arrtfoody » present in the test specimen, no visible precipitate is formed f^opnaia ir no 

The HCV an^enswill typicaly be packaged in the form of a kit for use in these immunoassays. The kit will normally 
corrta^n separate containers the cc*nbination of antigens (either already bound to a solid matrix or^ewtfaTwZ 

^^JZ r a r dy **™ ,a *°" S neaa^Se? aXy 

s,gnal Generating reagents (eg, enzyme substrate) if the label does not generate 

InS, * (6 9 ' ^ ^ VCR - CD R ° M - *■> ** °* *» «^ EES 

The following examples are intended to illustrate the invention and are not intended to limit the invention in any 
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55 Example 1 : Synthesis of Hr.v rw^ 



Ro.^S^ 0330 C ° nta !? 3 SequenCe from ** NS3 domain Specifically, rt includes amino acids 1 192-1457 of 
me vector pSODcfl (Sterner et al. (1986), J. Virol. 58:9) was digested to completion with EcoRI and BamHI and the 
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resulting EcoRI.BamHI fragment was ligated to the following linker to form pcfl EF: 



GATC CTG GAA TTC TGA TAA 

*GAC CTT AAG ACT ATT TTA A 
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A cDNA clone encoding amino acids 1 1 92-1 457 and having EcoRI ends was inserted into pcf 1 EF to form pcf 1 EF/C33C. 
This expression construct was transformed into D1210E.S£li cefe- 

The transformants were used to express a fusion protein comprised of SOD at the N-terminus and in-frame C33c 
HCV antigen at the C-terminus. Expression was accomplished by inoculating 1 500 ml of Luria broth containing ampicillin 
(100 rnicrograrns/rnl) with 15 ml of an overnight culture of the transformants. The cells were grown to an O.D. of 0.3, 
IPTG was added to yield a final concentration of 2 mM, and growth continued until the cells attained a density of 1 O.D., 
at which time they were harvested by centrifugation at 3,000 x g at 4°C tor 20 minutes. The packed cells can be stored 
at -80°C for several months. 

In order to purify the SOD-C33C polypeptide the bacterial cells in which the polypeptide was expressed were sub- 
jected to osmotic shock and mechanical disruption, the insoluble fraction containing SOD-C33c was isolated and sub- 
jected to differential extraction with an alkaline-NaO solution, and the fusion polypeptide in the extract purified by 
20 chromatography on columns of S-Sepharose and Q-Sepharose. 

The crude extract resulting from osmotic shock and mechanical disruption was prepared by the following procedure. 
One gram of the packed cells were suspended in 10 ml of a solution containing 0.02 M Tris HCI, pH 7.5, 10 mM EDTA, 
20% sucrose, and incubated for 1 0 minutes on ice. The cells were then pelleted by centrifugation at 4,000 x g for 1 5 min 
at 4°C. After the supernatant was removed, the cell pellets were resuspended in 10 ml of Buffer A1 (0.01 M Tris HCI, pH 
25 7 5, 1 mM EDTA, 14 mM beta-mercaptoethanol [BME]), and incubated on ice for 10 minutes. The cells were again 
pelleted at 4,000 x g for 1 5 minutes at 4°C. After removal of the dear supernatant (periplasmic fraction I), the cell pellets 
were resuspended in Buffer A1 , incubated on ice for 10 minutes, and again centrifuged at 4.000 x g for 15 minutes at 
4°C The clear supernatant (periplasmic fraction II) was removed, and the cell pellet resuspended in 5 ml of Buffer A2 
(0.02 M Tris HO, pH 7.5. 14 mM BME, 1 mM EDTA. 1 mM PMSF). In order to disrupt the cells, the suspension (5 ml) 
and 7.5 ml of Dyno-mill lead-free acid washed glass beads (0.10-0.15 mm diameter)(obtained from Glen-Mills, Inc.) 
were placed in a Falcon tube, and vortexed at top speed for two minutes, followed by cooling for at least 2 min on ice; 
the vortexing-cooling procedure was repeated another four times. After vortexing, the slurry was filtered through a san- 
tered glass funnel using low suction; the glass beads were washed two times with Buffer A2, and the filtrate and washes 

combined. . 

The insoluble fraction of the crude extract was collected by centrifugation at 20,000 x g for 15 mm at 4°C. washed 
twice with 10 ml Buffer A2, and resuspended in 5 ml of MILUO water. 

A fraction containing SOD-C33c was isolated from the insoluble material by adding to the suspension NaOH (2 M) 
and NaCI (2 M) to yield a final concentration of 20 mM each, vortexing the mixture for 1 minute, centrifuging it 20,000 x 
g for 20 min at 4°C, and retaining the supernatant. 
40 in order to purify SOD-C33c on S-Sepharose, the supernatant fraction was adjusted to a final concentration of 6M 
urea. 0.05M Tris HQ. pH 7.5, 14 mM BME. 1 mM EDTA This fraction was then applied to a column of S-Sepharose 
Fast Flow (1 .5 x 10 cm) which had been equilbrated with Buffer B (0.05M Tris HQ, pH 7.5, 14 mM BME, 1 mM EDTA). 
After application, the column was washed with two column volumes of Buffer B. The flow through and wash fractions 
were collected.. The flow rate of application and wash, was 1 ml/min; and collected fractions were 1 ml. In order to 
45 identify fractions containing SOD-C33c, aliquots of the fractions were analyzed by electrophoresis on 10% polyacryla- 
mide gels containing SDS followed by staining with Coomassie blue. The fractions are also analyzable by Western blots 
using an antibody directed against SOD. Fractions containing SOD-C33C were pooled. 

Further purification of SOD-C33C was on a Q-Sepharose column (1.5x5 cm) which was equilibrated with Buffer B. 
The pooled fractions containing SOD-C33C obtained from chromatography on S-Sepharose was applied to the column. 
The column was then washed with Buffer B t and eluted with 60 ml of a gradient of 0.0 to 0.4 M NaQ in Buffer B. The 
flow rate for application, wash, and elution was 1 ml/min; collected fractions were 1 ml. All fractions from the Q-Sepharose 
column were analyzed as described for the S-Sepharose column. The peak of SOD-C33c eluted from the column at 

about0.2MNaQ. . ^ ^ 

The SOD-C33C obtained from the Q-Sepharose column was greater than about 90% pure, as judged by analysis 
on the poryacryiamkie SDS gels and immunobtot using a monoclonal antibody directed against human SOD. 
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Example 2: Synthesis of HCV Antigen C100 

HCV antigen C1 00 contains sequences from the NS3 and NS4 domains. Specifically, it includes amino acids 1 569- 
1 93 1 of Rgure 1 . This antigen was produced in yeast. A cDNA fragment of a 1 270 bp encoding the above amino acids 
s and heaving EcoRI termini was prepared. 

The construction of a yeast expression vector in which this fragment was fused directly to the & cerevisiae 
ADH2/GAP promoter was accomplished by a protocol which included amplification of the C1 00 sequence using a PCR 
method, followed by ligation of the amplified sequence into a cloning vector. After cloning, the C100 sequence was 
excised, and with a sequence which contained the ADH2/GAP promoter, was ligated to a large fragment of a yeast 
w vector to yield a yeast expression vector. 

The PCR amplification of C1 00 was performed using as template the vector pS3-56 c1 oo m , which had been linearized 
by digestion with Sail. pS3-56, which is a pBR322 derivative, contains an expression cassette which is comprised of the 
ADH2/GAPDH hybrid yeast promoter upstream of the human superoxide dismutase gene, and a downstream alpha 
factor transcription terminator. 

is The oligonucleotide primers used for the amplification were designed to facilitate cloning into the expression vector, 
and to introduce a translation termination codon. Specifically, novel 5-Hindlll and 3'-Sall sites were generated with the 
PCR oligonucleotides. The oligonucleotide containing the Sail site also encodes the double termination codons, TAA 
and TGA. The oligonucleotide containing the Hindi II site also contains an untranslated leader sequence derived from 
the pgap63 gene, situated immediately upstream of the AUG codon. The pEco63GAPDH gene is described by Holland 

20 and Holland (1980) and by Kniskern et al. (1986). The PCR primer sequences used for the direct expression of C1 00m 
were: 

5' GAG TGC TCA AGC TTC AAA ACA AAA TGG CTC 
25 ACT TTC TAT CCC AGA CAA AGC AGA GT 3' 



30 and 

5 r GAG TGC TCG TCG ACT CAT TAG GGG GAA 
ACA TGG TTC CCC CGG GAG GCG AA 3'. 

35 vv^^v 

Amplification by PCR, utilizing the primers, and template, was with a Cetus-Perkin-Elmer PCR kit, and was per- 
formed according to the manufacturer's directions. The PCR conditions were 29 cycles of 94°C for a minute, 37°C for 
40 2 minutes, 72°C for 3 minutes; and the final incubation was at 72°C for 10 minutes. The DNA can be stored at 4°C or - 
20°C overnight. 

After amplification, the PCR products were digested with Hindlll and Sail. The major product of 1.1 kb was purified 
by electrophoresis on a gel, and the eluted purified product gas ligated with a large Sall-Hindlll fragment of pBR322. In 
order to isolate correct recombinants, competent HB1 01 cells were transformed with the recombinant vectors, and after 
45 cloning, the desired recombinants were identified on the basis of the predicted size of Hindlll- Sail fragments excised 
from the clones. One of the clones which contained the a Hindi ll-Sall fragment of the correct size was named 
pBR322/C100~d. Confirmation that this clone contained amplified C1 00 was by direct sequence analysis of the Hindlll- 
Sall fragment. 

The expression vector containing C1 00 was constructed by ligating the Hindi ll-Sall fragment from pBR322/C1 00~d 
so to a 13.1 kb BamHI-Sall fragment of pBS24.1, and a 1369 bm BamHI-Hindlll fragment containing the ADH2/GAP pro- 
moter. (The latter fragment is described in EP0 164,556). The pBS24.1 vector is described in commonly owned U.S.S.N. 
382,805 filed 19 July 1989. The ADH2/GAPprorrK)terfragrnentwas obtained by digests 
with Hindlll and BamHI, followed by purification of the 1369 bp fragment on a gel. 

Competent HB101 cells were transformed with the recombinant vectors; and correct recombinants were identified 
55 by the generation of a 2464 bp fragment and a 13.1 kb fragment generated by BamHI and Sal! digestion of the cloned 
vectors. One of the cloned correct recombinant vectors was named pClOO~d#3. 

In order to express C100, competent cells of Saccharomvces cerevisiae strain AB122 (MATa Ieu2 ura3-53 prb 1 - 
1 1 22 pep4-3 prct-407[cir-0]) were transformed with the expression vector pC100"d#3. The transformed cells were plated 
on URA-sorbrtol, and individual transformants were then streaked on Leu" plates. 
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Indrvidual clones were cultured in Leu-unr .. tl ^.^2^ 1 i^A2^^^^0^^^- 
Extr^Peotone MecSum (YEP) containing 2% glucose was inoculated with 10 ml of the overraght cuttur* and the 

wSSTe for 48 hours. The pH of the medium was not controlled. The culture was grown ma B,oRb N 

5 ZrZZr l^ZL by New Brunswick Science Corp. Fdtowing fermentation, the cells were isolated and analyzed 
tor C1 00 expression 

Analysis for expressed C100 polypeptide by the transformed cells was performed on total cell | yf t ^nd crude 
extra* D^ed^cTSite yeasVcotanies obLned from the Leu" plates. The cell lysates and crude extractewere 
SSd^^SZ on^S pdyacrylamide gets, and by Western Wots. The ^^JZ^foZ 
10 ^po^rTaSbodies directed againstthe SODO100 ^^^^^ ^T** """^ 
C1 00 polypeptide is 364 amino acids. By gel analysis the expressed polypepbde has a MWjrf »9K. 

BoftSScal methods demonstrated that the expressed C100 polypept.de waspresent .n total ceH fysates. but 
wasateer^omaude extracts. These resutts suggest that the expressed C100 polypepbde may be .nsctubk, 

J5 Fxamole 3: F x pression of HCV Antigen S2 

HCV antigen S2 contains a sequence from the hydrophobic N-terminus of the S domain. It includes amino acids 

1 "rt 8 SSfor the construction of the expression vector encoding the S> P°£**^ » in 
20 veast was analogous to that used for the expression of the C1 00 polypeptide, described in Example 2^ 

" l^ter^p^^ 

Pi14a is a cDNA clone that encodes amino acids 199-328. 

Iheoli^ 
For the 5-region of the S2 sequence: 



25 



30 



5 ' GAG TGC TCA AGC TTC AAA ACA AAA TGG GGC TCT 
ACC ACG TCA CCA ATG ATT GCC CTA AC 3'; 



and 

for the 3'-region of the S2 sequence: 

35 5 'GAG TGC TCG TCG ACT CAT TAA GGG GAC CAG TTC 

ATC ATC ATA TCC CAT GCC AT 3\ 



40 



45 



50 



55 



The primer for the SVegion introduces a Hindi., site and an ATG start codon into amptahed product. The pnmer for 
the 3'-regjon introduces translation stop cottons and a Sal. site into** i amphhed product 

ThePCR condffions were 29 cycles of 94«C for a minute. 37°C for 2 rmnutes. 72°C for 3 m.nutes. and the final 

^T^o^^en^*™ was a 413 bp fragment, whic* was g*l ^ied-T^ purged turner* was 
lioatS toTeter^fragrnent obtaned from pBR322 dkjested with Hind... and SaH fragment, yettng the ptasmxi 

PBF TSS?of the 41 3 bp Hindlll-Sall S2 fragment with the 1 .36 kb BamHI-Hindlll fragment containing the ADH2/GAP 

SS iTJ2.«L we,e identified by the presence of a 1 .77 kb fragment after dig^v^BamH. 

depression vector constructed from the arrplified sequence, and contam-ng the sequence encod.ng S2 
fused directly to the ADH2/GAP promoter is identified as pS2d#9. 

F»nm pla 4: S yfr^Mf of HCV C Antigen 

HCV antigen C22 is from the C domain, rt comprises amino acids 1 -122 of Figure"! ^ - on ^ 

The orotocol for the construction of the expression vector encoding the C polypeoWe and * * J" yeaSt 
was analogous to that used for the expression of the C100 polypeptide, described supra, except for the fo.tow.ng. 
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^ template for the PCR reaction was pBR322/Ag30a which had been linearized with Hindlll Ag30 is a cDNA 
clone that encodes amino acids 1-122. The oligonucleotides used as primers for the amplification by PCR of the C 
encoding sequence were the following. 
For the 5-region of the C sequence: 

5' GAG TGC AGC TTC AAA ACA AAA TGA GCA CGA 
ATC CTA AAC CTC AAA AAA AAA AC 3 ' 



and 

for the 3'-region of the C sequence: 

5' GAG TGC TCG TCG ACT CAT TAA CCC AAA TTG CGC 
GAC CTA CGC CGG GGG TCT GT 3'. 



The primer for they-region introduces a Hindlll site into the amplified product and the primer for the 3-region introduces 
translation stop cottons and a Sail site. The PCR was run for 29 cycles of 94°C for a minute, 37°C for 2 minutes 72°C 
for 3 minutes, and the final incubation was at 72°C for 1 0 minutes. 

The major product of PCR arrpttfkation is a 381 bp polynucleotide. Ligation of this fragment with the SaJI-Hindlll 
25 large Sall-Hindlll fragment of pBR322 yielded the plasrrid pBR322/C2. 

Ligation of the 381 bp Hindlll-Sall C coding fragment excised from pBR322/C2 with the 1.36 kb BamHI-Hindlll 
fragment containing the ADH2/GAP promoter, and with the large BamHI-Sall fragment of the yeast vector pBS24 1 
yielded recombinant vectors, which were cloned. Correct recombinant vectors were identified by the presence of a 1 74 
kb fragment after digestion with BamHI and Sail. An expression vector constructed from the amplified sequence and 
so containing the sequence encoding C fused directly to the ADH2/GAP promoter is identified as pC22. 

Analysis for expressed C polypeptide by the transformed cells was performed on total cell lysates and crude extracts 
prepared from single yeast colonies obtained from the Leu plates. The cell lysates and crude extracts were analyzed 
by electrophoresis on SDS polyacrytam.de gete. The C polypeptide is expected to have 122 amino acids and by gel 
analysis the expressed polypeptide has a MW r of approximately 13.6 Kd. 



Example 5: Synthesis of NS5 Polypeptide 



This polypeptide contains sequence from the N-terminus of the NS5 domain. Specifically it includes amino acids 
2054 to 2464 of Figure 1 The protocol for the construction of the expression vector encoding the NS5 polypeptide and 
40 for its expression were analogous to that used for the expression of C33c (see Example 1). 

Example 6: Radioimmiinrmg^ (ri a) for Antibodies to HCV 

The HCV antigens of Examples 1 5 were tested in an RIA format for their ability to detect antibodies to HCV in the 
serum of individuals clinically cfagnosed as having HCV (Non-A, Non-B) and in serum from blood given by paid blood 
donors. 

The RIA was based upon the procedure of Tsu and Herzenberg (1980) in SELECTED METHODS IN CELLULAR 
IMMUNOLOGY (W.H. Freeman & Co.). pp. 373-391. Generally, microtiter plates (Immuton 2. Removawell strips) are 
coated with purified HCV antigen. The coated plates are incubated with the serum samples or appropriate controls 
Dunng incubation, anHbody. if present, is irnrnunotogically bound to the solid phase antigen. After removal of the unbound 
material and washing of the microtiter plates, complexes of human antibody-NANBV antigen are detected by incubation 
with ^-labeled sheep anti-human immunoglobulin. Unbound labeled antibody is removed by aspiration, and the plates 
are washed. The radioactivity in individual weds is determined; the amount of bound human anti-HCV antibody is pro- 
portional to the radioactivity in the weM. 

Specifically, one hundred microliter aliquots containing 0.1 to 0.5 micrograms of the HCV antigen in 0 125 M Na 
borate buffer. pH 8.3, 0.075 M Nad (BBS) wasadded to each well of a microtiter plate (Dynatech Immulon 2 Removawell 
Stnps). The plate was incubated at 4°C overnight in a humid chamber, after which, the antigen solution was removed 
and the wells washed 3 times with BBS containing 0.02% Triton X-100 (BBST). To prevent non-specific binding the 
wells were coated with bovine serum atoumin (BSA) by addition of 100 microliters of a 5 mg/ml solution of BSA in BBS 
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followed by incubation at room temperature for 1 hour ; after this incubation the BSA solution was removed. The antigens 
in the coated wells were reacted with serum by adding 100 microliters of serum samples diluted 1 :100 in 0.01M Na 
phosphate buffer, pH 7.2, 0.15 M NaCI (PBS) containing 10 mg/ml BSA, and incubating the serum containing wells for 
1 hr at 37°C. After incubation, the serum samples were removed by aspiration, and the wells were washed 5 times with 
BBST. Antibody bound to the antigen was determined by the binding of ^-labeled F'(ab) 2 sheep anti-human IgG to 
the coated wells. Aliquots of 100 microliters of the labeled probe (specific activity 5-20 microcuriesmiicrogram) were 
added to each well, and the plates were incubated at 37°C for 1 hour, followed by removal of excess probe by aspiration, 
and 5 washes with BBST. The amount of radioactivity bound in each well was determined by counting in a counter which 
detects gamma radiation. 
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Table 1 below presents the results ofihe tests on ttie serum from individuals diagnosed as having HCV. 
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INDIVIDUAL 

S2 C22 

CVH NOS N N 

CVH NOS N P/N 

CVH PTVH P P 

CVH NOS N P 

CVH NOS N N 

CVH NOS P P 

CVH NOS N N 

rVH NOS HS P P 

CVH NOS HS P P 

CVH PTVH N N 

AVH PTVH N P 
AVH NOS 

CVH PTVH N P 

crypto P P 

crypto P P 

crypto N P 

crypto N P 

CVH PTVH P P 

crypto N N 

crypto N P 

crypto N P 

crypto P P 

crypto N P 
crypto 
crypto 
CVH NOS 

AVH-IVDA N P 



ANTIGEN 

C100 C33c NS5 

N N P/N 

N N P/N 

P P P 

N N N 

N N N 

N N P/N 

N N N 

P P P 

P P P 

N N N 

P P P 

P/N P( +++ ) N 

P P P 

P P P 

N N N 

P P P 

P P P 

N N N 

N N P/N 

N N P 

P P P 

N P N 

N P(+) P 



16 



EP0693 687A1 



INDIVIDUAL 
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AVH = acute viral hepatitis 
CVH = chronic viral hepatitis 
PTVH = post-transfusion viral hepatitis 
IVDA = intravenous drug abuser 
crypto = cryptogenic hepatitis 
-NOS = non-obvious source 
P = positive 
N = negative 

Per these results, no single antigen reacted with all sera. C22 and C33c were the most reactive and S2 reacted with 
some sera from some putative acute HCV cases with which no other antigen reacted. Based on these results, the 
combination of two antigens that would provide the greatest range of detection is C22 and C33c. If one wished to detect 
a maximum of acute infections, S2 would be included in the combination. 
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Table 2 below presents the results of the testing on the paid blood donors. 
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The results on the paid donors generally confirms the results from the sera of infected individuals. 
Example 7: ELISA Determinations of HCV Antibodies Using Combination of HCV Antigens 

45 Plates coated with a combination of C22 and C33c antigens are prepared as follows. A solution containing coating 
buffer (50mM Na Borate. pH 9.0), 21 mtyplate, BSA (25 mtoograrnsVml), C22 and C33c (2.50 miaograms/ml each) is 
prepared just prior to addition to the RemoveaweJI Immufon I plates (Dynatech Corp.). After mixing for 5 minutes, 
0.2ml/well of the solution is added to the plates, they are covered and incubated for 2 hours at 37°C, after which the 
solution is removed by aspiration. The wells are washed once with 400 microliters wash buffer (100 mM sodium phos- 

50 phate. pH 7.4, 140 mM sodium chloride, 0.1% (W/V) casein, 1% (W/V) Triton x-100, 0.01% (W/V) Thimerosal). After 
removal of the wash solution, 200 rracrcJftersAveJI of Postcoat solution (10 mM sodium phosphate, pH 7.2, 150 mM 
sodium chloride, 0.1% (w/v) casein, 3% sucrose and 2 mM phenylmethylsuttonylfluoride (PMSF)) is added, the plates 
are loosely covered to prevent evaporation, and are allowed to stand at room temperature for 30 minutes. The wells are 
then aspirated to remove the solution, and tyophRized dry overnight, without shetf heating. The prepared plates may be 

55 stored at 2-8°C in sealed aluminum pouches with dessicant (3 g Sorb-it™ packs). 

In order to perform the ELISA determination, 20 microliters of serum sample or control sample is added to a well 
containing 200 microliters of sample diluent (1 00 mM sodium phosphate, pH 7.4, 500 mM sodium chloride, 1 mM EDTA, 
0.1% (W/V) Casein, 0.01% (W/V) Thimerosal. 1% (W/V) Triton X-100, 100 micrograms/ml yeast extract). The plates are 
sealed, and are incubated at 37°C for two hours, after which the solution is removed by aspiration, and the wells are 
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washed three times with 400 microliters of wash buffer (phosphate buffered saline (PBS) containing 0.05% Tween 20). 
The washed wells are treated with 200 microliters of mouse anti-human IgG-horse radish peroxidase (HRP) conjugate 
contained in a solution of Ortho conjugate diluent (10 mM sodium phosphate, pH 7.2, 150 mM sodium chloride, 50% 
(v/v) fetal bovine serum. 1% (V/V) heat treated horse serum, 1 mM K3Fe(CN) 6 , 0.05% (W/V) Tween 20, 0.02% (W/V) 
Thimerosal). Treatment is for 1 hour at 37°C, the solution is removed by aspiration, and the wells are washed three times 
with 400 ml wash buffer, which is also removed by aspiration. To determine the amount of bound enzyme conjugate, 
200 microliters of substrate solution (10 mg O-phenylenediamine dihydrochloride per 5 ml of Developer solution) is 
added. Developer solution contains 50 mM sodium citrate adjusted to pH 5. 1 with phosphoric acid, and 0.6 microlrters/ml 
of 30% H2O2- The plates containing the substrate solution are incubated in the dark for 30 minutes at room temperature, 
the reactions are stopped by the addition of 50 microliters/ml 4N sulfuric acid, and the ODs determined. 

In a similar manner, ELISAs using fusion proteins of C22 and C33c, and C22, C33c, and S2 and combinations of 
C22 and C100, C22 and S2, C22 and an NS5 antigen, C22, C33c, and S2, and C22, C100, and S2 may be carried out. 

Modifications of the above-described modes for carrying out the invention that are obvious to those of skill in the 
fields of molecular biology, immunology, and related fields are intended to be within the scope of the following claims. 

Claims 

1 . A combination of synthetic hepatitis C viral (HCV) antigens comprising: 

(a) a first HCV antigen from the C domain; and 

(b) at least one additional HCV antigen which is an HCV antigen from the S domain. 

2. A combination according to claim 1 which further comprises at least one additional HCV antigen which is: 

(i) an HCV antigen from the NS3 domain; 

(ii) an HCV antigen from the NS4 domain; or 

(iii) an HCV antigen from the NS5 domain. 

3. A combination according to claim 2 wherein the additional antigen is from the NS3 domain. 

4. The combination of claim 3 wherein the first HCV antigen is C22 and the additional HCV antigen is C33c. 

5. A combination according to claim 2 wherein the additional antigen is from the NS4 domain. 

6. The combination of claim 5 wherein the first HCV antigen is C22 and the additional HCV antigen is C100. 

7. The combination of any one of claims 1 to 6 including HCV antigen S2. 

8. A combination of synthetic hepatitis C viral (HCV) antigens comprising: 

(a) a first HCV antigen from the C domain; and 

(b) at least one additional HCV antigen selected from the group consisting of 

(i) an HCV antigen from the NS3 domain; 

(ii) an HCV antigen from the NS4 domain; 

(iii) an HCV antigen from the S domain; and 

(iv) an HCV antigen from the NS5 domain. 

9. The combination of any one of claims 1 to 8 wherein the combination is in the form of a fusion polypeptide. 

10. The combination of any one of claims 1 to 9 wherein the combination is in the form of said first HCV antigen and 
said additional antigens bound to a common solid matrix 

1 1 . The combination of claim 10 wherein the solid matrix is the surface of a mtcrotrter plate well, a bead or a dipstick. 

12. The combination of any one of claims 1 to 8 wherein the combination is in the form of a mixture of said first HCV 
antigen and said additional HCV antigen(s). 
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13, A method for delecting antibodies to hepatitis C virus (HCV) in a mammalian body component suspected of con- 
taining said antibodies comprising contacting said body component with the combination of synthetic HCV antigens 
as defined in any one of claims 1 to 12 under conditions that permit antibody antigen reaction and detecting the 
presence of immune complexes of said antibodies and said antigens. 

14. A kit for carrying out an assay for detecting antibodies to hepatitis C antigen (HCV) in a mammalian body component 
suspected of containing said antibodies comprising in packaged combination: 

(a) the combination of synthetic HCV antigens of any one of claims 1 to 12; 

(b) standard control reagents; and 

(c) instructions for carrying out the assay. 
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